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Measurement of vibrational-vibrational energy transfer 
probabilities in CO-CO collisions by a fast flow approximation * 
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(Received 16 March 1973) 
The vibrational-vibrational (V - V) energy transfer probability P~: ~ _ 1 in CO-CO collisions. 
CO(O)+CO(v) ---i CO(I) + CO(v -I), has been measured from the first overtone emission spectra 
for v =3 to v =9 from vibrationaJly excited CO· produced in the reaction of oxygen with acetylene 
at room temperature. Under fast flow conditions in which spontaneous radiative rates, collisional 
deactivation rates. and other loss rates are made much smaller than the volumetric pumping rate, we 
find that the solution of the master equations for the vibrational population can be simplified and 
V - V transfer rates can be accurately determined. We call this approach the "fast flow 
approximation." The experimental results are compared with previous work and with a calculation 
that includes both long-range and short-range interaction potentials. 
I. INTRODUCTION 
VariOUS kinds of experimental techniques have been 
employed for the study of vibrational relaxation in a 
molecular system. 1.2 Among them are shocktube ex-
periments, absorption and dispersion of ultrasonic 
waves, flash kinetic spectroscopy, ir chemilumines-
cence, and laser-induced fluorescence. In recent years, 
ir chemiluminescence has been successfully applied to 
study the relative rate constants of the formation of 
various energy levels of the product molecule. 3 Sub-
stantial amounts of information on the vibrational en-
ergy distribution at various stages of the relaxation dur-
ing the kinetic process have been obtained from these 
studies. The method has been exploited by polanyi and 
his co-workers to determine the relative rate constants 
for the production of various energy levels of the pro-
duct moleCule in hydrogen halide reactions among oth-
ers.
4 Recently, the quenching of ir chemiluminescence 
has been applied by Hancock et al. 5 to measure the 
rates of deactivation of vibrationally excited CO* by 
ground state CO and other molecules. They observed 
the ir chemiluminescence from vibrationally excited 
cO* formed in the reaction of oxygen and carbon di-
sulfide and studied the mOdification of the CO first over-
tone emission spectrum upon the addition of various 
gases. 
In this work, the ir chemiluminescence spectrum of 
the first overtone emission from the excited CO* formed 
in the reaction of oxygen with acetylene was studied and 
the relative vibrational populations were determined 
for the excited cO* produced in the reaction as a func-
tion of various amounts of additional cold CO. 8,7 The 
vibrational-vibrational (V-V) energy transfer prob-
abilities ~:~-l for the collisional process 
CO{O) + CO{v) - CO(l) + CO(v -1) + tJ.E (1) 
were measured in a fast flow system. 
Infrared chemiluminescence experiments are frequently 
studied under low pressure conditions and in a low 
volumetric flow rate system to minimize the collisional 
228 The Journal of Chemical Physics, Vol. 63, No. 1. 1 July 1975 
deactivation. In a low flow system, analysis of the ex-
perimental results becomes complicated as a result of 
undesirable and unaVOidable effects such as diffusion, 
recombination, and cascading process from higher ex-
cited states. 
In view of these difficulties encountered in conven-
tional ir experiments, we feel it is more appropriate to 
perform ir chemiluminescence studies in a fast flow 
condition. The fast flow condition means carefully 
choosing experimental parameters such that the volu-
metric pumping rat~ is made much faster than the spon-
taneous radative rate and collisional deactivation rates 
and other deactivation processes. Under these con-
ditions, the master equations for the vibrational popu-
lation can be decoupled and the V-V energy transfer 
rates determined. The technique is called the fast flow 
approximation. 
The V-V energy transfer rates in CO-CO collisions 
were measured with this technique in a chemilumines-
cence study of the oxygen-acetylene reaction in which 
vibrationally excited CO· is produced. The results are 
in good agreement with our calculation using an inter-
action potential including both long-range and short-
range interactions. The results are also compared with 
those obtained by Hancock et al. 5 in an ir quenching 
chemiluminescence study. 
Following a discussion of the experimental method in 
Sec. IT, we will discuss a steady state solution to the 
master equations using the fast flow approximation (Sec. 
m), the calculation of V-V energy transfer rates, and 
the comparison with the experimental results (Sec. IV), 
and conclude with some general comments about the 
method (Sec. V). 
II. THE EXPERIMENT 
Vibrationally excited cO* is produced in the reac-
tions8•9 
Copyright © 1975 American I nstitute of Physics 
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TABLE I. The rate constant for the reaction O+C2H2 -CO 
+CH2• 
K 
(cm3-mole-1-sec-1) Experimenta Reference 
(9.2±O,4)xI010 
(9±2)x 1010 
(5.3 ± 1. 7) x 1010 
(8.12± O. 04) X 1010 
ESR 
Mass spectroscopy 
Mass spectroscopy and 
photometric technique 
Vacuum-uv photolysis 
aValues are measured at room temperature, 
0+ CH2 - cO* + 2H + 71 kcal/mole, 
10 
11 
12 
13 
(3) 
where t:>.H, of the methylene radical is taken to be 90 
kcal/mole. The exothermicity of the reactions is suf-
ficient to produce vibrationally excited CO* up to v = 14. 
The over-all reaction rate constant has been determined 
by various experiments, and the available data are 
summarized in Table I. 
Figure 1 shows the experimental apparatus. A longi-
tudinal fast flow gas system was used and an optical 
cavity with two end mirrors was set up for the study of 
possible stimulated emission. None was observed, but 
the cavity has no effect on the chemiluminescence. 
Oxygen atoms were produced by a microwave dis-
charge in a 30 mm id quartz tube by flowing an oxygen-
helium mixture through the tube. The microwave mag-
netron was operated at a current level of 0.5 A at 2.7 
kV. Under normal operating conditions, the flow rate of 
atomic oxygen was measured to be on the order of 10-4 
mOle/sec by using N~ titration. 14 
The mixing section was made of a water COOled alumi-
num tube with a Teflon insert to prevent surface re-
combination. Acetylene was injected radially through 
orifices of 0.10 mm diameter. The system was pumped 
with a 100 cfm blower backed by a 1397B Welch me-
A SCHEMATIC DIAGRAM OF THE EXPERIMENTAL SET up: 
Laser Cavity O2 , He C2 H2 Reoction Tube , ~ ~::~"~~,, ~ ---Chopper 
Microwove Discharge Cavity 
- To a KW CW Magnetron 
112m 
Mono-
chro-
meter 
chanical pump. A linear flow speed of 83 m/sec was 
measured in the mixing region under normal operating 
conditions. 
The infrared chemiluminescence was monitored 
through NaCI Windows at various positions along the 
flow. The emission was focussed with a silicon lens 
through a chopper onto the entrance slit of a Jarrell-
Ash half-meter Ebert monochromator. Several infra-
red detectors were used for the observation of the sig-
nal in the various spectral ranges of interest; a liquid 
nitrogen cooled Au-Ge photoconductive detector for the 
carbon monOxide fundamental emission above 5 Jl, a 
room temperature PbS photoconductive detector for the 
carbon monOxide first overtone emission from 2.3-2.8 
}..L, and a liquid nitrogen cooled InSb photovoltaic detec-
tor for radiation around 5 Jl. The detected signal was 
amplified by a Keithley model 130 low noise amplifier 
and processed through a Princeton Applied Research 
model JB-5 lock-in amplifier using a reference fre-
quency set by the chopper. The spectra were recorded 
on a Hewlett-Packard dual-pen strip chart recorder. 
The spectrometer employed a 105 lines/mm grating 
blazed at 8. 6 Jl in first order. The optical path inter-
nal and external to the spectrometer was flushed with 
dry nitrogen to avoid the atmospheric water vapor ab-
sorption which overlaps with CO fundamental emission 
above 5 Jl. The slitwidth of 1. 5 mm gave a resolution 
of 80 A with the spectrometer operated in third order. 
Our first attempt was to measure the fundamental 
emission band of carbon monoxide in the 5 Jl region. 
No well defined spectral features attributable to the CO 
fundamental were apparent. A series of spectral scans 
were made in the CO* first overtone emission bands 
(t:>.v = 2) in the wavelength range of 2.3-2.8 Jl. 
Figure 2(a) shows a typical spectral scan of the first 
overtone emission band between 2.3 and 2.8 Jl. The 
band centers for the transitions are shown above the 
FIG. 1. A schematic dia-
gram of the experimental set-
up. 
_ Optical Detecting System 
(PbS PC Detector) 
J. Chem. Phys., Vol. 63, No.1, 1 July 1975 
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P02 = 0.68 torr 
PC2H2 = 0.05 torr 
P He = 1.67 torr 
TOTAL PRESSURE = 2.4 torr 
[0] = 1.7 X 10-4 mole/sec 
[CzHzJ = 2.5 x 10-4 mole/sec 
FIG. 2. CO first overtone 
spectrum showing the effect 
of adding cold CO. 
2.8 2.4 2.3iJ- 2.4 2.3iJ-
(0) WITHOUT COLD CO (b) WITH 0.1 torr COLD CO (e) WITH 0.2 torr COLD CO 
wavelength scale. The spectrum consists of unresolved 
vibrational-rotational emission lines. Emission from 
v == 14 is apparent, although its relative intensity is dis-
torted by the falling responsitivity of the detector. 
The acceptance angle of the focusing lens was so 
chosen to provide an f /8 cone to match the spectro-
meter with unity magnification. The spectra in Fig. 2 
show the effect of various amounts of additional cold 
CO. It was premixed with the acetylene before being 
injected into the stream of oxygen atoms. The figures 
show a preferential quenching of the shorter wavelength 
emission. This is due to the preferential deactivation 
of the lower levels of the vibrationally excited CO* and 
will be discussed in detail later. The total pressure 
under typical operating conditions was a few torr, with 
the partial pressure of oxygen being a few tenths of a 
torr and that of acetylene a few hundredths of a torr. 
The pressure was measured near the observation point 
with a Wallace and Tiernan Gauge. The flow rates 
were measured with Matheson # 602 and # 603 flow 
meters calibrated for the gas measured. 
The vibrational population distribution of the excited 
cO* under various conditions was determined by a com-
puter simulation method. 15 Spectra were synthesized 
to match the experimental scans with vibrational level 
populations and the rotational temperature as the input 
parameters. 
For a diatomic molecule, the intensity of a vibra-
tional-rotational transition (v' J' -vJ) in spontaneous 
emission is given as 
(4) 
where v is the frequency of the transition (v'J'-vJ) in 
cm-1; Vo the frequency of the band origin in cm-1; A .. , ... 
is the Einstein coefficient of the transition (v' - v) in 
sec-1; Nw ' the population density in the quantum state 
(v' J'); S~, the rotational line strength, and F~, the vi-
brational-rotational factor. From Ref. 16, 
S~=J for P-branch transitions 
= J + 1 for R -branch transitions, 
F, = (1-JZ1 +J2Zzl for P-branch transitions 
= (1 + (J + l)ZI + (J+ 1) 2Zz]Z for R-branch transitions, 
where for CO 
ZI == -1. 5X 10-4, 
Zz=3.8 X I0-6. 
Assuming the rotational population is in thermal 
equilibrium at a temperature T, then N .. ~ can be ex-
pressed by a Boltzmann distribution, 
N,,~ == N,,(2J+ 1) exp( - B"J(J+ l)he/kT]/ Qrot , (5) 
where B" is the rotational constant and Qrot the partition 
function of the rotational manifold. Substituting (5) into 
(4) and approximating Qrot, 
l(v'J'-vJ)==t,N", , 
_ he BlI'lI 4 FI,S"Av'v exp( - BlI,J'(J' + l)he/kT] (6) 
t, - kTv~ 
The Observed spectrum is the convolution of the spec-
trometer response and the individual vibrational-rota-
tional emission lines Over the appropriate frequency 
range. In the computation, 40 P-branch transitions and 
40 R-branch transitions were included in the calcula-
tion for each vibrational transition band from the tran-
sition (2-0) to (16-14). The value of vibrational-ro-
tational interaction factors used were taken from Her-
man, Rothery, and Rubin. 16 
The observed spectral intenSity I(v) is the sum over 
all individual lines collected through the 1. 5 mm slit of 
the monochromator with a resolution of 80 A. The in-
tensity was corrected for the relative sensitivity of the 
optical detecting system as determined using a 600 OK 
blackbody source (Barnes Engineering) scanned in the 
appropriate spectral region. The calibrated sensitivity 
thus took into account the following factors: (a) the 
over-all transmisitivity of the spectrometer, tb) the 
transmission characteristic of the filter, (c) the de-
tector responsitivity, and (d) the atmospheric absorp-
tion in the appropriate spectral range. The total in-
J. Chern. Phys., Vol. 63, No.1, 1 July 1975 
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tensity of each interval was calculated by using a tri-
angular slit function. 
A computer program was set up to calculate a simu-
lated spectrum with the vibrational populations {NH Nz, 
N3, N4, • •• ,N14} and the temperature T as adjustable 
parameters. In most cases, T was assumed to be room 
temperature 300 oK. A Boltzmann distribution of the 
vibrational population was usually used as the initial 
test set. One or several N~'s were then adjusted until 
a good match between the simulated spectrum and the 
observed curve was obtained. 
III. A STEADY STATE SOLUTION OF THE RATE 
EQUATIONS USING THE FAST FLOW APPROXIMATION 
In experiments on the quenching of electronic fluo-
rescence, the ratio of the intensities of emission spec-
tra without and with a quenching gas can be related by 
the simple Sterm-Volmer equation. A similar, how-
ever more complicated relation can be established for 
experiments on ir chemiluminescence from vibration-
ally excited species. 
The steady state master equation for the population 
densities N" of the vibrational level can be expressed 
as 
d max 
0= dt N .. =R,,+ ~ {A ........ +K......,,[X]}N"'" 
-{tA"." ... +Kv ....... [XJ+Kw+KJI}N". (7) 
The positive terms represent the total production rate 
of the population density into vibration level v. The 
negative terms describe the rate of removal of mole-
cules from the Vibration level v. The notation is as fol-
lows: R" is the number of moles of cO* produced in 
the vibrational level v per unit volume per unit time 
due to the chemical reaction; A",." the Einstein coef-
ficient of the transition from v I to v; K",." the collisional 
deactivation rate constant for a molecule to be removed 
from the state v'to v; [X] the concentration of mole-
cule X that causes deactivation; K", the total rate of de-
activation by surface recombination and diffusion; and 
K, the volumetric pumping rate of the system. The 
master equation can be simplified with the following ap-
proximations: 
(1) the fast flow approximation, 
K..... ... [X), A".." ... , Kw« K,; 
(2) )' A" .... ,,=A ... 1.,,+A ... z•v; ~ 
(3) )' K".11 ... = K ... 1 ... ; ~ 
(4) R,,= constant. 
The first approximation implies that the volUmetric 
pumping rate is made much faster than the rates due to 
the spontaneous radiative decay, the collisional deac-
tivation' and the diffusion. The second and the third 
assumptions imply that the spontaneous radiation is 
confined to the fundamental and the first overtone emis-
Sions and that collisional energy transfer is a Single 
quantum exchange process. Experimentally it was de-
termined that the observed spectral distribution of the 
chemiluminescence did not change significantly for ob-
servation pOints up to 6 cm from the CzHz injector. 
The observation zone was therefore considered for the 
purposes of analysis to be a uniform reaction vessel 
with a constant source term R" for each vibrational lev-
el being the only contribution to the population of level 
v other than radiative or V-V processes. An estimate 
of the order of the magnitude of typical first order loss 
rates is given as follows: the collisional deactivation 
rate K"",.,,[X) is on the order of 103 sec-1 for v >2; the 
spontaneous radiative rate A"+l.,, + A".:!." is less than 5 
x 102 sec-1 for vibrational level v::s 15; the diffusion rate 
Kw - D/r, where D is the diffusion constant and r is the 
dimension of the system, is less than 100 sec-I; and 
the volumetric pumping rate which is inversely propor-
tional to the residence time is on the order of 104 sec -1 • 
The indicated approximations are therefore reasonable 
for our system. 
With these apprOximations, the steady state master 
equation without and with cold CO can be written as 
0= :t N~=Rw+{AV+l,w+K"'l'W[q]}N~1 
(8) 
+Av+z."N ... a -{A".V-l +Av,"-2 + K ... v-1[Q] + Kj>+ K .. }Nv , 
(9) 
where [q] is the concentration of CO formed in the re-
action, [Q) is the concentration of CO added (Q» q), 
N~ is the concentration of vibrational population in level 
v without additional cold CO, and N .. is the concentra-
tion of vibrational population in level v with the addi-
tional cold CO. 
Subtracting and rearranging the two equations and 
keeping significant terms, we obtain 
{Ne + Av+1." Nv+l - N~l} 
N" K, N" 
= 1 + K".1.!I {[q)N':..l - [Q]NV+l}. 
K, Nw 
(10) 
The deactivation rate constant ~l.v can be deter-
mined by plotting the left hand side of Eq. (10) against 
the magnitude of the bracket on the right hand side of 
the equation using the measured values of Nv and N~, 
and the values of [Q] the additional cold CO. 
The measured deactivation rate constant K".V-l and 
the related deactivation probability P~:~-l are shown in 
Table n. The last column is the data of Hancock et al. 5 
obtained from experiments on the quenching of ir chemi-
luminescence from CO* formed in the reaction of oxy-
gen with carbon disulfide. There is a good agreement 
between the two sets of data obtained from two rather 
different experiments. Our method is a particularly 
Simple approach to the measurement of V-V energy 
J. Chern. Phys., Vol. 63, No.1. 1 July 1975 
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6 
5 
4 
3 
2 
SLOPE = Kv+I,v/K p 
FIG. 3. Determination of 
the deactivation rate constant 
K v +l,v' 
o~~--~~--~~--~~~~~~~--~~ __ ~~ __ ~ __ 
2 3 4 5 15 x 109 
DETERMINATION OF K V+ I, V 
transfer rates because of the substantial reduction of 
the number of steps in the data analysis. 
A. Deactivation by other species 
In the above analysis, it was assumed that the domi-
nant deactivation was due to the ground state CO. We 
have to examine the deactivation rates of the excited 
cO* due to other species which are most likely present 
in the reaction. These are molecular oxygen, atomic 
oxygen, hydrocarbons, helium, and water. There is 
little information available on the deactivation rates of 
excited CO by hydrocarbons and by atomic oxygen. 
However, the concentrations of these species are rela-
tively small. 
a. Oxygen. The average number of collisions with 
molecular oxygen to deactivate the first vibrationally 
excited level CO(v::: 1) is reported in Ref. (2) to be ZIO 
::: 4.48 x 106• This may be compared with the more re-
cent observations using induced fluorescence, 17 which 
indicate 2. 96X 106 collisions per deactivation and a de-
activation rate constant of 2.75 sec"1. torr"l. Under 
conditions of our experiment, the CO(v::: 1) V-V deac-
tivation rate due to O2 would be expected to be less than 
2 sec "I. Further, the rate of deactivation due to atomic 
oxygen, which is more efficient than O2, is estimated 
to be less than 80 sec "I assuming 10% dissociation of 
the molecular oxygen present. For those levels studied 
v::: 3 to v::: 9, the operative rates due to 0 and O:! are 
expected to be somewhat faster but still small enough 
to be ignored in the presence of deactivation by CO(v = 0). 
b. Helium. The deactivation rate of the vibrational 
energy of CO by helium through vibrational-transla-
tional energy transfer is not Significant for the low vi-
brationallevels. For higher vibrational levels (v 2: 8), 
the rate constants for the deactivation of excited CO by 
He reported by Hancock et ale 5 were found to be 3 or-
mole/cm3 
ders of magnitude smaller than that due to CO. This is 
consistent with the value given by Ref. 2, in which the 
average number of the collisions for the deactivation 
CO(1) by He is given to be 3.27 x 107 at 286 OK, and Ref. 
25, which gives 1. 8X 107• This gives a rate constant 
for deactivation about 10' smaller than that due to the 
CO in the ground state under our experimental condi-
tions. 
c. Water. There is very little information available 
on the collisional deactivation rate of excited CO by wa-
ter at room temperature. The formation of water is 
mainly in the secondary reactions following the forma-
tion of carbon monoxide and is probably negligible in 
the primary state of the reaction during which the vi-
brational relaxation of CO is taking place. Deactiva-
tion of CO(v = 1) has been measured by Stephenson and 
Mosburg18 to have a rate constant of 6400 sec-I. torr-I. 
Higher vibrational leads have not been reported, but it 
is estimated that CO deactivation by water in our ex-
periment would be less than 1~ of the deactivation rate 
due to CO. 
TABLE II. v-v energy transfer probabilitieSP~:"1 and values 
of the deactivation rate constants K ...... 1 of CO(O) +CO(v) - CO(l) 
+CO(v-l). 
Vibrational 
level Present results Hancock and Smith" 
V Ku,,,,,,1 pO, I 
"' .... 1 K1f,~1 P::~l 
3 2.43(-12) 8.5(-3) 
4 1.84(-12) 6.2(-3) 2.0(-12)b 6.7(-3) 
5 1.19(-12) 4.0(-3) 1.3(-12) 4.3(-3) 
6 8.67(-13) 2.9(-3) 6.3(-13) 2.1(-3) 
7 5.2(-13) 1.74(-3) 3.4(-13) 1.15(- 3) 
8 3.62(-13) 1.21(-3) 1. 77(-13) 5.9(-4) 
9 2.38(-13) 8.06(-4) 1.13(-13) 3.8(-4) 
aReference 5. 
II:!. 0(-12) =2. ox 10-12 cmS molecule-i. sec-i. 
J. Chem. Phys., Vol. 63, No.1, 1 July 1975 
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IV. CALCULATIONS 
Schwartz, Slaw sky , and Herzfeld (SSH) used a dis-
torted wave approximation to calculate the vibrational 
energy transfer probabilities induced by the perturba-
tion of the interaction of a diatomic molecule. 19 Later 
experimental studies on the near-resonant vibrational 
energy transfer have shown a temperature dependence 
discrepency when compared to the theory. 20 Sharma 
and Brau included a contribution to the near-resonant 
energy transfer due to a long range multipole interaction 
to give a more satisfactory explanation to the disagree-
ment. 21 However, the V-V energy transfer in the col-
lision CO(v)+CO(O)- CO{v -1)+CO(1)+AE can be reso-
nant or highly nonresonant depending on the energy 
states involved. No single theory can adequately explain 
the energy transfer mechanism for a process involving 
all vibrational quantum states. It has been suggested 
that both long-range and short-range interactions should 
be taken into account for the calculation of vibrational 
energy transfer probabilities at room temperature. 5 
The short-range interaction from the molecular repul-
sive potential has been long considered to be the major 
contribution to V - V ene rgy transfer in mole cular col-
liSions. Rapp et al. used first order perturbation the-
ory to formulate V-V energy transfer probabilities due 
to this kind of interaction. 22 The long-range interac-
tion in collisions due to the molecular multipole inter-
action has been considered by Sharma and Brau to ex-
plain the energy transfer in the near resonant case. It 
has been shown that the relative contribution to the 
transition prObabilities is larger due to the long-range 
interaction at near resonant energy transfer, while for 
the Off-resonant energy transfer the short range inter-
action seems to dominate. 21 
We have included both long-range and short-range in-
teractions in our calculation. We conSider only a single 
quantum exchange for the vibrational energy transfer 
process. The energy transfer probabilities among the 
high vibrational levels are related to the lowest one by 
the harmonic approximation, i. e., tf..'~'::l= m(n + 1) J>il:A 
Or P~::';l = n(m + 1) PA:~. The forward and the reverse 
transfer probabilities are related by the detailed balance 
relation, namely, P ;:: = P::: exp{ - (Elf - Ee) + (Eb - E 4 )}/ 
kT. We used Sharma-Brau theory to obtain transition 
probabilities from the long range interaction. 21 The 
contribution due to the short-range interaction was baSed 
on Rapp's theory. 22 Jeffers and Kelly23 and Caledonia 
and Center2f have previously discussed a similar cal-
culation inclUding both kinds of interaction. Our cal-
culation is shown in Fig. 4 with our chemiluminescence 
data from the oxygen-acetylene reaction. In the same 
figure, the experimental data obtained by Hancock et al. 
are also indicated. 5 
V. CONCLUSION 
The V-V energy transfer probabilities in CO-CO col-
lisions have been measured by the ir chemiluminescence 
technique in the oxygen-acetylene reaction. The trans-
fer rates were measured by using a fast flow approxi-
mation, and the results show good agreement with pre-
vious experimental data and with the calculation includ-
16~7-~--~~--~~~-L--~~--~~--~~~~ 
I 2 3 4 5 6 7 8 9 10 II I 2 13 14 
V 
FIG. 4. Collisional v-v energy transfer probabilities of CO. 
The measured data are compared with a theoretical calculation 
which includes both long-range and short-range interactions at 
T =300 OK. 0: data of this work; A: data of Ref. 5. 
ing both long-range and short-range interaction poten-
tials. The fast flow apprOximation greatly simplifies 
the experimental parameters in the measurement, as 
well as the data analysis. It provides a simple method 
for measurement of the energy transfer rates in a di-
atomic molecular system. 
In the following paper, 25 we will discuss a time-de-
pendent solution to the kinetic equations of the vibra-
tional population distribution in a relaxing CO system. 
In the computation, we include all single vibrational-
vibrational exchange colliSions between vibrational lev-
els v = 0 to v = 14, as well as vibrational-translational 
(V-T) and spontaneous radiative processes in the re-
laxation. The computational result is compared with 
the ir chemiluminescence data presented in this paper 
and that of Ref. 26. 
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